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Abstract: In order to understand the response to combined stresses of cadmium (Cd) and naphthalene (Nap), the 
germination and growth of mangrove plant Avicennia marina seedlings were studied cultured on sand in 
greenhouse. The results showed that the inhibition effect of seedling germination under Cd-Nap combined stress 
was more obvious than that under Cd stress. The survival rate increased at early stress stage, and then decreased at 
later stress stage. After cultured for 45 days, the inhibition effect of Cd on leaf size, stem height and biomass 
relieved treated with 10 mg L–1 Nap, while inhibition effect on root growth enhanced. Compared to treatment with 
25 mg L–1 Cd, the area, length, width of leaf, stem height and biomass treated with 10 mg L–1 Nap-25 mg L–1 Cd 
increased by 9.6%, 7.9%, 7.4%, 5.1% and 20.2%, respectively, while root length decreased by 11.1% compared to 
treatment with 150 mg L–1 Cd. When cultured for 90 days, the inhibitive effect of Cd-Nap stress on leaf size, stem 
height and root growth was stronger than that of Cd stress, but there was no significant difference in biomass. 
Therefore, with extension of combined stress time, the antagonistic effect of Cd-Nap on A. marina seedling 
growth turned into synergistic effect.  
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? 1 Cd? Nap????????????????????? 
Table 1 Effect of Cd-Nap combined stress on germination and survival of Avicennia marina seedlings 
Nap-Cd         
(mg L–1) ?? Total 
??? Germination rate (%) 
 
??? Survival (%) 
15 d 30 d 45 d 90 d 
?? Control 40 92.5  100.0   100.0  100.0  
10-0 40 80.0  100.0   100.0  100.0  
0-25 40 72.5  100.0   100.0  100.0  
10-25 40 55.0  100.0   100.0  97.5  
0-150 40 77.5  100.0   60.0  ND 
10-150 40 65.0  100.0   87.5  0.0  
ND: ??????? 
ND: No detected. The same is following Tables. 
 
? 1 ???????????????? 










Cd????????????45 d?10 mg L–1 Nap?
??????????????????? ; 
25 mg L–1 Cd????????????Nap-Cd?
10-25??????25 mg L–1 Cd????5.1%???
????????150 mg L–1 Cd?Nap-Cd?10-150?
???????????????????150 mg L–1 
Cd??????????????Nap-Cd?10-150?
?????150 mg L–1 Cd????11.1%?????
????????90 d?10 mg L–1 Nap?25 mg L–1 Cd
????????????????, ?Nap-Cd?




??2?????10 mg L–1 Nap??????
?????????????Nap-Cd?10-25??
????????25 mg L–1 Cd????????


































0-25         10-25        0-150       10-150 
? 1? ?????????????????????????????? 83 
 
  
? 2 Cd? Nap????????????????? 
Table 2 Effect of Cd-Nap combined stress on leaf characters of Avicennia marina seedlings 
??? 
Treatment group 




Leaf length (cm) 
?? 




Leaf length (cm) 
?? 
Leaf width (cm) 
?? Control 8.5 4.1±0.3a 3.0±0.4a 7.9 4.1±0.4a  2.7±0.4a 
Nap10 8.3 3.9±0.4ab 3.0±0.5a 7.8 4.0±0.4a 2.8±0.4a 
Cd25 7.3 3.8±0.4abc 2.7±0.5ab 7.6 4.1±0.3a 2.8±0.3a 
Nap10-Cd25 8.0 4.1±0.4a 2.9±0.3ab 7.5 4.0±0.5a 2.7±0.4a 
Cd150 6.1 3.6±0.5c 2.5±0.6b ND ND ND 
Nap10-Cd150 7.2 3.8±0.3bc 2.7±0.4ab ND ND ND 
F1  6.606(0.012) 5.392(0.021)  0.134(0.723) 0.501(0.499) 
F2  1.721(0.220) 0.402(0.678)  0.008(0.930) 1.708(0.228) 
???????????????(P<0.05)?F1????? Cd? F??F2?????? Cd×Nap? F????????? P????? 
Data followed different letters within column indicate significant difference at 0.05 level Tables. F1 means F value of Cd main effect, F2 means F value of 
Cd×Nap interactions effect. The number in brackets is P value. The same is following Tables. 
 
? 3 Cd? Nap?????????????????? 
Table 3 Effect of Cd-Nap combined stress on stem height and root length of Avicennia marina seedlings 
??? 
Treatment group 
45 d 90 d 
?? Height        
of stem (cm) 
??? Length of        
main root (cm) 
?? Height        
of stem (cm) 
??? Length of      
main root (cm) 
?? Control 13.2±0.4a 6.9±0.3ab 13.5±0.6a 7.9±0.4a 
Nap10 13.6±0.9a 7.0±0.4a 12.8±1.0ab 7.7±0.2ab 
Cd25 11.8±0.7b 6.6±0.3ab 12.3±0.2ab 7.3±0.3ab 
Nap10-Cd25 12.4±0.6ab 6.6±0.1ab 11.7±0.6b 7.2±0.2b 
Cd150 9.6±0.8c 6.3±0.3ac ND ND 
Nap10-Cd150 9.6±0.1c 5.6±0.6c ND ND 
F1 56.615(0.000) 10.707(0.002) 8.915(0.017) 10.812(0.011) 
F2 0.284(0.758) 1.778(0.211) 0.042(0.842) 0.001(0.971) 
 
? 2 Cd? Nap????????????????? 
Fig. 2 Effect of Cd-Nap combined stress on persistent rate of cotyledon of 
Avicennia marina seedlings 
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? 4 Cd? Nap?????????????(g)??? 





????? Average biomass (g plant–1) 
? Root ? Stem ? Leaf ?? whole plant 
45 ?? Control 0.871±0.125a 0.839±0.042ab 1.128±0.094a 2.837±0.231ab 
Nap10 0.911±0.098a 0.891±0.082a 1.142±0.148a 2.944±0.326a 
Cd25 0.761±0.140ab 0.753±0.061b 0.817±0.093b 2.331±0.234bc 
Nap10-Cd25 0.825±0.101ab 0.837±0.046ab 1.141±0.191a 2.803±0.270abc 
Cd150 0.639±0.046b 0.597±0.044c 0.588±0.175b 1.825±0.240c 
Nap10-Cd150 0.667±0.013b 0.598±0.008c 0.624±0.114b 1.889±0.107d 
F1 8.945(0.004) 42.354(0.000) 22.204(0.000) 28.987(0.000) 
F2 0.054(0.948) 0.981(0.403) 2.244(0.149) 1.303(0.307) 
90 ?? Control 1.290±0.209a 0.978±0.150a 1.331±0.187a 3.598±0.545a 
Nap10 1.398±0.188a 0.912±0.093a 1.320±0.085a 3.631±0.354a 
Cd25 1.045±0.094a 0.915±0.073a 1.208±0.164a 3.168±0.329a 
Nap10-Cd25 1.100±0.278a 0.876±0.220a 1.212±0.354a 3.188±0.850a 
 F1 5.377(0.049) 0.342(0.575) 0.828(0.389) 1.825(0.214) 
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